Previous studies have shown that asymmetric septal hypertrophy (ASH) may occur in embryonic and malformed hearts and that muscle cell disarray is found in myocardium that contracts isometrically. To account for the characteristic ASH and septal muscle fiber disarray of idiopathic hypertrophic subaortic stenosis (IHSS), we postulated that a catenoid shape of the septum, i.e., net zero curvature, would have the mechanics required to produce IHSS. Accordingly, hearts from eight autopsied patients with IHSS were studied for curvature and thickness of free walls and septum, and they were compared to similar measurements in 80 other hearts. In all eight hearts with IHSS the septum was concave to the left in the transverse plane but convex to the left in the apex-to-base plane. IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS (IHSS) is a condition morphologically characterized by asymmetric septal hypertrophy (ASH) and by a pattern of disarray of myocardial fibers in the abnormally thickened septum.'" It has been shown previously that the disarray of myocardial fibers is a regular feature of small areas of the normal heart and of the ventricular walls of malformed hearts with semilunar valve atresia and intact ventricular septum.4"7 In both the normal and abnormal hearts the fiber disarray occurs in myocardium that, by virtue of its location, undergoes isometric contraction.6 ASH may be encountered in normal embryonic developing hearts and in a variety of congenital and acquired cardiac abnormalities7 and, contrary to previous suggestion,8 is not specific for IHSS.
IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS (IHSS) is a condition morphologically characterized by asymmetric septal hypertrophy (ASH) and by a pattern of disarray of myocardial fibers in the abnormally thickened septum.'" It has been shown previously that the disarray of myocardial fibers is a regular feature of small areas of the normal heart and of the ventricular walls of malformed hearts with semilunar valve atresia and intact ventricular septum.4"7 In both the normal and abnormal hearts the fiber disarray occurs in myocardium that, by virtue of its location, undergoes isometric contraction.6 ASH may be encountered in normal embryonic developing hearts and in a variety of congenital and acquired cardiac abnormalities7 and, contrary to previous suggestion,8 is Materials and Methods All patients listed in the autopsy files of The Johns Hopkins Hospital with IHSS whose hearts were available for review were included in the study. A control group of hearts were selected for study from those which had been examined after coronary arteriography and formalin fixation in a distended state.'0 Those used were free of IHSS, myocardial lesions and significant coronary artery atherosclerosis."
Stereoscopic radiographs of all hearts taken in at least two planes were available for study. One set of radiographs of the intact heart was taken with the heart resting on the diaphragmatic surface and the septum perpendicular to the film. Another set was taken with the transverse sections of the heart parallel to the film. The curvatures of the interventricular septum and the right and left ventricular free walls were determined from the radiographs ( fig. 2 ). An inscribed plastic sheet was overlaid on the radiographs and the best fit determined by consensus agreement of two observers. The 
Results

IHSS Hearts
There were eight hearts with IHSS available for study. The patients ranged in age from 1 month-69 years (average 25 years), and half were male. The hearts ranged in weight from 15-910 g (average 358 g). Five of the hearts had been studied after postmortem arteriography and fixation in a distended state. 8 The three hearts which had been opened at the time of autopsy were restored to their predissection configuration for the purpose of preparing the radiographs. Examination of the interventricular septa on both the radiographs and the heart specimens showed that the septum was concave toward the left ventricle in the transverse plane as is the case with normal hearts (fig. 3) . However, the apex-to-base septal cur Abbreviations: IHSS = idiopathic hypertrophic subaortic stenosis; RV = right ventricular; IV'S = interventricular septum; LV l left ventricular; N.S. = not significant.
curvature, the septum being concave to the right in both the transverse and apex-to-base planes. Histological study of the three segments of heart wall showed only the degree of muscle fiber disarray characteristic of normal hearts.'e In hearts with right ventricular hypertrophy, an accentuation of the normal irregularity of the trabeculata-compacta interface was sometimes seen.
Discussion
A catenoid is the surface of revolution of a catenary and has the distinctive property that every point of its surface has a net zero curvature ( fig. 1) . Tension within such a surface exerts no pressure, as can be shown by experiments with soap bubbles.'4 The results of this study show that the interventricular septum in hearts with IHSS has a configuration which resembles a catenoid. The IHSS septum is concave toward the left ventricle in the transverse plane and convex to the left in the apex-to-base plane ( fig. 5 ). In contrast, the septum of the normal heart is concave to the left in both planes.
A catenoid-shaped septum, like its soap film counterpart, might be expected to exert no pressure on the adjacent ventricular contents. It would not participate in the increase in interventricular pressure and cavity reduction of systole and would be unaffected by the events of diastolic filling of the ventricles. From such isometric behavior of the septum, one can account for the myocardial muscle cell disarray in areas of ASH as has been noted in the parts of normal and other malformed hearts which undergo isometric contraction. 7 That the septum in IHSS does in fact show little change in thickness during the cardiac cycle is a well-recognized abnormality, readily identified by echocardiographic studies."' 1e The free wall of the left ventricle, in contrast, shows an increased excursion, which is probably a functional compensation for the non-participation of the septum in ventricular emptying.
The major features of IHSS can be explained as resulting from an abnormal septal curvature imposed at the time of formation of the interventricular septum. Growth of the myocardium is through muscle cell proliferation until about the time of birth.17 The normal embryonic septum is about twice as thick as the ventricular free wall when it first forms as an infolding of the cardiac tube. Throughout subsequent embryonic and fetal cardiac development there is a gradual reduction in the ratio of septum-to-left ventricular free wall thickness until about the time of birth, when it is at the normal ratio of 0.94. 
